INTRODUCTION
When used for the covering of greenhouses and hotbeds in agriculture, polyethylene films with additions of photoluminophores based on europium compounds promote accelerated growth and increased yield of many crops, almost double those obtained with unmodified films [1] . This effect of films on the physiology of plants, termed the "polisvetan" effect by Kuznetsov and Leplianin [1] , is currently attributed to light correction -change by the films of the spectrum of electromagnetic solar radiation through the absorption of the shortwave component and the transformation of absorbed energy into the red region of the spectrum [1] [2] [3] . Such a conclusion was made on the basis of an investigation of features of the luminescent properties of polyvinyl chloride (PVC) light-correcting films with additions of photoluminophores based on complex europium compounds [2] . At the same time, the "polisvetan" effect has been described practically solely for polyethylene (PE) light-correcting films [1] [2] [3] . At present there are virtually no data on features of the photophysical properties of PE films. In this connection, it is of interest to study features of the luminescent properties of lightcorrecting PE films, which are most important from the viewpoint of their practical application as coatings of covered-ground structures in agriculture.
SELECTION AND PREPARATION OF THE MATERIALS INVESTIGATED, AND THE MEASUREMENT PROCEDURES
To investigate features of the luminescent properties, the most typical light-correcting films for which the "polisvetan" effect has been most widely demonstrated [1] [2] [3] were selected -films of low-density polyethylene (LDPE) with additions of photoluminophores based on complex europium compounds with donor ligands. The lightcorrecting additive used for film production was the photoluminophore most widely used for this purpose, based on a complex of europium nitrate with 1,10-phenanthroline (FE). The FE specimens obtained by the procedure described in ref. [4] were free-flowing finely crystalline powders that were mixed in prescribed ratios with LDPE granules in a dry-type mixer by the technology set out in [5] . From the obtained composites of grade 15803-020 LDPE and photoluminophore, sheath films of 450 mm width and 0.120 mm thickness were manufactured by blow extrusion under conditions complying with the GOST 16337 standard on a "Silver GT 45/25" film line with different contents of FE additions. The test specimens were taken over the width of the roll with a thickness spread of no more than 120 ± 1 µm.
Most important from the viewpoint of practical T/55 application for light-correcting films is the spectral composition and intensity both of the electromagnetic radiation in the UV region that is absorbed by them, which excites luminescence, and of the secondary luminescent radiation in the red, visible region of the spectrum. In this context, the light-correcting LDPE films produced were characterised by three types of spectrum:
• excitation of luminescence of the luminophore in films;
• luminescence of the luminophore in films;
• the transmission of sunlight by films.
To obtain spectra of the excitation of luminescence, use was made of a KSVU-12 unit with an additional OS-12 secondary radiation filter, fitted after the test specimen of the film (the source of exciting radiation was a DDS-30 lamp with a UFS-1 light filter).
To produce luminescence spectra, use was made of a unit based on a Kvarts 3102 acoustic optical spectrometer (Figure 1) . The specimen is placed beneath the photohead of the spectrometer on a calibrated platform of graphite. The radiation of a DRSh-250 mercury lamp, via UFS-1 and UFS-6 light filters, strikes the specimen at an angle of 45˚. The secondary radiation is recorded by the given spectrometer. Measurements were carried out by triple scanning of the spectrum with a step of 0.1 nm with subsequent averaging of the results.
Spectra of film transmission of sunlight in the 400-800 nm region were obtained on a Kvarts-3102 spectrometer on sunny summer days with an azimuthal position of the photohead of the spectrometer and mounting of the film specimens to be investigated directly before the lens of the photohead.
RESULTS AND DISCUSSION
Luminescence of the orangey-red colour of films with photoluminophore additions is observed visually during their irradiation with a DDS-30 UV lamp. The use of a luminescence microscope indicates the heterophase nature of the luminophore particle distribution and makes it possible to observe the luminescence of individual luminophore particles in films. The heterophase nature of such composite materials is determined by the extremely low solubility of the complex of europium nitrate with 1.10-phenanthroline in low-polarity organic solvents.
The luminescence excitation spectra of the luminophore in LDPE films, obtained for films with a luminophore content ranging from 0.05 to 0.5 wt.%, are presented in Figure 2 .
The luminescence excitation spectra are typical of phenanthroline complexes of europium salts [6) .
The luminescence spectra of the initial dispersed crystalline complex of europium nitrate with 1,10-phenanthroline and after introduction into the polymer matrix, obtained using a Kvarts spectrometer, are presented in Figure 3 and correspond to those described in [7] . Secondary radiation of the red region of the spectrum for the luminophore investigated is observed in regions with maxima at 680, 615, and 590 nm. Here, the band intensity ratio amounts to 1.0:12.2:1.8 and is not dependent on the amount of luminophore introduced.
The intensity of luminescence is determined by the power and spectral composition of the exciting radiation, the luminophore content in the film and its degree of dispersion, the type of luminophore particle distribution in the polymer matrix, and a whole series of other factors. The quantitative dependence of the relative intensity of luminescence on the luminophore content, measured by the procedure described in [8] , is presented in Table 1 . As can be seen from Table 1 , the relative intensity of luminescence, other conditions being equal, is proportional to the luminophore content in films (for film manufacture, use was made of additions of photoluminophore with an average particle size of 30 µm).
Thus, the results obtained indicate the absence of any marked effect of the polymer matrix of LDPE on the excitation and luminescence spectra of FE in light-correcting films in the entire range of additive contents investigated. The LDPE matrix is an inert diluent here. This result is in complete agreement with the absence in the LDPE of any polar groups prone to additional complexing with introduced photoluminophores and a dispersed nature of the polymer composite.
Quantitative assessment of the intensity of absorbed UV radiation and secondary luminescent radiation can be carried out on the basis of data on the photoluminophore particle size. The results of measuring the luminophore particle size and the number of particles per unit area of the film make it possible to estimate the cross-sectional area of the film that is covered by particles. These quantities counted for a model of the mean statistical luminophore particle distribution in the film without mutual particle screening -"single-layer" distribution -are presented in Table 1 .
The given quantities in turn make it possible, taking into account the above results of investigating features of the luminescent properties of light-correcting LDPE films produced with artificial UV radiation sources by standard procedures, to assess the contribution of luminescent radiation of films to the actual spectrum of electromagnetic solar radiation under service conditions as the coating of covered-ground structures in the growing of plants.
Such a mathematical estimation was made on the basis of luminescence excitation spectra of the luminophore in films, the cross-sectional area of films that is covered by filler particles, and the average values of solar radiation energy in the UV region and in the region of photosynthetically active radiation (PAR) (380-710 nm).
The results of such estimation for a UV radiation power of 10 W/m 2 and a PAR power of 250 W/m 2 [9, 10] , and given complete absorption of the incident UV radiation on the particles, are presented in The intensity of secondary luminescent radiation was estimated with account taken of a quantum yield of luminescence of 0.8 for luminophores of the investigated class and ratios of the quantum energy of exciting UV radiation of 6.0 x 10 -19 eV and the quantum energy of secondary radiation of the red region of the spectrum of 3.3 x 10 -19 eV (conversion factor 0.5). The total coefficient of transformation of UV radiation into the red region of the spectrum for estimation was taken to be equal to 0.4.
The ratio of the calculated values of the intensity of luminescence of the investigated films of different composition (converted to relative units in Table 2 for clarity) is in fairly good agreement with data from experimental analysis of the relative intensity of luminescence ( Table 1) for specimens with a luminophore content of up to 0.1 wt.% (specimens 1-3 and 6 in Table 2 ), which indicates the suitability of using the model of "single-layer" distribution. For films with a large amount of luminophore (specimens 4 and 5 in Table 2 ), estimation gives values of the relative intensity of luminescence that are considerably higher than those found experimentally, which may be due to a distribution that is different from the mean statistical distribution of luminophore particles in the intercrystalline regions of the LDPE and indicates the need for conversion for the given cases to a different model of distribution.
The intensity of actual incident secondary radiation on plants was determined for the condition of regarding luminophore particles as point sources of radiation with a spherical power indicatrix. The found values lie in the range 0.001-0.1% of the PAR and are 2-3 orders of magnitude lower than the similar index determined for polyvinyl chloride light-correcting films [2] . Determination of the given index is extremely important in characterising light-correcting films. Estimation of the value of this index -the contribution of luminescent radiation to the electromagnetic solar radiation passing through filmsfor PVC films with additions of complex europium compounds in [2] served as the basis for the hypothesis concerning the mechanism of the influence on the development of plants under light-correcting films as a whole [3] . This hypothesis consists in attributing the "polisvetan" effect to additional "pumping" of green-leaf chlorophyll with red luminescent radiation of europium(III) [3] and is currently the most common.
The indicated differences in the properties of lightcorrecting films of PVC and LDPE can be attributed to the fundamentally different, homogeneous nature of distribution of photoluminophores in PVC films. A 2-3 orders of magnitude greater contribution of the luminescent component was obtained here using molar coefficients of extinction determined for true solutions of complex europium compounds. For LDPE films with a heterophase, dispersed distribution of additives, the use of such coefficients in calculations is inadmissible. The contribution of the red component to the electromagnetic radiation passing through them will depend, other conditions being equal, not on the concentration of additives but on the size and number of luminophore particles and the method of their distribution in the polymer matrix.
The contribution of the red luminescent component to the spectrum of the solar radiation passing through lightcorrecting LDPE films, as determined by the present authors, makes unacceptable the present hypothesis explaining the nature of the "polisvetan" effect.
Experimental information on the contribution of luminescent radiation can be given by measurement of the spectral energy intensity (SPEI) of the solar radiation passing through PE films, similar to that carried out for PVC films [2] .
Such measurement was carried out by the present authors for light-correcting LDPE films by using the procedure described above to obtain spectra of the transmission by films of solar light in the 400-800 nm region on a Kvarts-3102 spectrometer (Figure 4) .
As was to be expected in connection with the estimation results presented above, for the films investigated there is no marked increase in the intensity of radiation in the region of the main maximum of luminescence of luminophore FE (615 nm) (Figure 4 ) that is characteristic of similar PVC films [2] . The marked changes in the spectrum after passage through the investigated films are due to reduction in the intensity of electromagnetic radiation in the entire region on account of the reflection characteristic of dispersed systems. Attempts to obtain quantitative characteristics of the contribution of luminescent radiation by calculating the SPEI in the 615 nm region in the obtained spectra of films of different composition and by comparison with spectra of solar radiation were unsuccessful. This is determined by the fact that the sought quantities are much lower than the magnitudes of change Figure 4 Spectra, uncorrected to spectral sensitivity of photodetector, for direct daylight (1) and after passing through film with addition of 0.05% FE-2 in the intensity of electromagnetic solar radiation in the red region of the spectrum on account of reflection by LDPE films. This confirms the order of the calculated values presented above.
CONCLUSIONS
A feature of polyethylene films with additions of photoluminophores based on complex compounds of europium is the heterophase dispersed nature of the polymer composite.
From the viewpoint of fluorescence, the polymer matrix of LDPE is an inert dispersion medium that has no marked influence on the fluorescence of the photoluminophores distributed within it. The intensity of luminescence in such systems is determined not only by the chemical nature of the luminophores but also, equally, by the size of their particles and the nature of their distribution in the polymer matrix. The contribution of secondary luminescent radiation to the solar radiation passing through such films is insignificant and, with a photoluminophore content of 0.05-0.5 wt.% in the LDPE, amounts to less than 0.01% of the PAR. The found contribution is considerably lower than the intensity of electromagnetic solar radiation reflected by light-correcting LDPE films in the red region of the spectrum. This feature of the properties of the investigated light-correcting films makes unacceptable the existing hypothesis explaining their influence on the physiology of plants grown beneath them.
